A novel Gram-staining-negative, aerobic, non-motile by gliding and rod-shaped strain, designated 22
The genus Pedobacter, a member of the family Sphingobacteriaceae in the phylum Bacteroidetes, was first described by Steyn et al. [1] with the reclassification of two species of the genus Sphingobacterium as Pedobacter heparinus and Pedobacter piscium and the description of two novel species, Pedobacter africanus and Pedobacter saltans. Subsequently, the description of the genus Pedobacter has been emended [2] [3] [4] [5] [6] [7] . At the time of writing, the genus Pedobacter consists of 57 species with validly published names (www.bacterio. net/), including the recently identified species Pedobacter jejuensis [6] , Pedobacter nutrimenti [8] , Pedobacter glacialis [9] , Pedobacter huanghensis [9] , Pedobacter lignilitoris [10] , Pedobacter rivuli [11] , Pedobacter silvilitoris [10] , Pedobacter trunci [7] , Pedobacter xixiisoli [12] , Pedobacter nanyangensis [13] , Pedobacter pituitosus [14] , Pedobacter daejeonensis [7] and Pedobacter ureilyticus [15] . Members of the genus Pedobacter have been isolated from different environments, such as soil, activated sludge, compost, chilled food, glaciers and water samples [8] . The characteristics of the genus Pedobacter include bacteria being Gram-stain-negative rods; having iso-C 15 : 0 , iso-C 15 : 0 3-OH, C 16 : 0 , C 16 : 1 !7c, iso-C 17 : 1 !9c and iso-C 17 : 0 3-OH as the predominant fatty acids; having menaquinone-7 (MK-7) as the predominant respiratory quinone; sym-homospermidine as the major polyamine; and a DNA G+C content of 36-45 mol% [16] . In this study, 16S rRNA gene sequence analysis suggested that a novel strain, 22 T , belonged to the genus Pedobacter. The morphological, biochemical and chemotaxonomic properties confirmed that strain 22
T represents a novel species of the genus Pedobacter.
Strain 22
T was isolated from surface-sterilized root tissue of maize planted in the Fangshan District of Beijing, PR China. The strain was isolated with Ashby nitrogen-free medium at 28 C for 3 days, as described by Gao et al. [17] . The type strains of species with high levels of 16S rRNA gene sequence similarity to strain 22 T strains. Routine cultivation was on LB medium [18] at 28 C for 3 days.
For preparation of the DNA template used in the amplification of the 16S rRNA gene, a loop-full of biomass was scraped off the LB medium plate, suspended in 100 µl double-distilled H 2 O and treated by incubating in a boiling water bath for 10 min and freezing for 5 min. After centrifugation, the supernatant was used as the template for PCR. The 16S rRNA gene was amplified using the universal primers 27F and 1492R [19] . Purified PCR products of approximately 1.5 kb in length were cloned into pGEM-T and sequenced in an ABI 3730 sequencer following the manufacturer's protocols (Applied Biosystems). The almostcomplete 16S rRNA gene sequence (1480 bp) was determined by direct sequencing and compared with related 16S rRNA gene sequences available in the EzTaxon database (http://eztaxon-e.ezbio-cloud.net/; [20] ). Multiple sequence alignments were performed using the CLUSTAL X program [21] , and the model selection test was used to determine the best model by using the software package MEGA version 6.0 [22] . The Kimura 2-parameter model was used to calculate evolutionary distances. The phylogenetic trees were reconstructed with the neighbour-joining method [23] , maximum-likelihood method [24] and minimum-evolution method [25, 26] with the MEGA6 program [22] . In each case, bootstrap values were calculated based on 1000 replications. Nearest-neighbour-interchange was applied to the maximum-likelihood analysis. The neighbour-joining phylogenetic tree ( Fig. 1) reconstructed from 16S rRNA gene sequences of strain 22
T and some related species in the genus Pedobacter displayed that strain 22
T was closely related to P. suwonensis T and P. terrae DS-57 T with sequence similarities of 97.5 and 97.1 %, respectively. The topologies of the phylogenetic trees built using the maximum-likelihood and minimum-evolution algorithms also supported this result.
Colonial properties of the isolate were observed on LB agar medium. Cell morphology was examined by scanning electron microscopy (S-3400N, Hitachi) after 3 days of incubation of strain 22
T on LB agar medium at 28 C. Gram staining was performed by using the bioM erieux Gram Stain kit according to the manufacturer's instructions. Growth was tested at 5, 10, 15, 20, 25, 30, 35, 37 and 40 C on LB agar medium. The pH range for growth was determined by measuring the optical densities (wavelength 600 nm) of LB broth cultures after 3 days. pH was adjusted prior to sterilization to pH 4-10 (at intervals of 1.0 pH unit) using appropriate biological buffers [27, 28] : citrate/ Na 2 HPO 4 buffer, pH 4.0-5.0; phosphate buffer, pH 6.0-7.0; Tris buffer, pH 8.0-9.0; and NaHCO 3 /Na 2 CO 3 buffer, pH 10.0. Verification of the pH after autoclaving revealed only minor changes. Tolerance of NaCl was determined using LB agar medium adjusted to various NaCl concentrations in the range 0-7.0 % (w/v; intervals of 1 %). Gliding motility was checked by observing the edges of colonies formed on 1/10-strength trypticase soy broth (TSB) supplemented with 1 % agar [29] . Oxidase was tested using oxidase Pedobacter suwonensis 15-52 T (DQ097274)
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Pedobacter soli reagent (bioM erieux) according to the instructions of the manufacturer. Catalase activity was determined by assessing bubble production in 3.0 % (v/v) H 2 O 2 [30] . Anaerobic growth was tested as described by Gao et al. [31] . Growth on nutrient agar (NA; Difco), R2A agar (Difco) [32] and tryptic soy agar (TSA; Difco) at 28 C was tested. Carbon source utilization, acid production and additional physiological and biochemical characterization were performed using the Biolog GEN III microtest system and API 20NE, API 50CH and API ZYM systems (bioM erieux) according to the manufacturers' instructions. Phenotypic characteristics of strain 22
T and the reference strains are given in Table 1 and in the species description.
For determination of the cellular fatty acid composition, strain 22
T and the reference strains P. suwonensis DSM 18130 T , P. alluvionis DSM 19624 T and P. terrae DSM 17933
T were incubated for 3 days on TSA medium at 28 C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and were analysed via gas chromatography (6890, Hewlett Packard). The fatty acid methyl esters were identified and quantified by using the TSBA 6 database of the Sherlock Microbial Identification System. The major fatty acids of strain 22
T were iso-C 15 : 0 (37.0 %) and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (31.4 %), which were similar to those of P. suwonensis DSM 18130
T [29] , P. alluvionis DSM 19624 T [33] and P. terrae DSM 17933
T [34] . The minor differences in the fatty acid profiles among the four strains are shown in Table 2 .
Polar lipids were extracted according to the method of Bligh and Dyer [35] . Extracted polar lipids were separated by two-dimensional silica-gel TLC. Chloroform/methanol/ water (65 : 25 : 4, by vol.) was used as the first solvent system and chloroform/methanol/glacial acetic acid/water (80 : 12 : 15 : 4, by vol.) was used as the second solvent system. Individual lipids were detected by using the following spray reagents: ninhydrin, to detect lipids containing free amino groups [36] ; molybdenum blue reagent, to detect lipids containing phosphate esters [37] ; a-naphthol, to visualize carbohydrate-containing lipids (glycolipids) [38] ; molybdatophosphoric acid was used to obtain a fingerprint of the total lipid content [39, 40] . The dominant polar lipids of strain 22
T were phosphatidylethanolamine, three unidentified aminolipids and one unidentified lipid, which were similar to those of P. suwonensis DSM 18130 T (Fig. S1 , available in the online Supplementary Material). The differences in the minor polar lipids composition between strain 22 T and P. suwonensis DSM 18130 T were that strain 22 T contained two unidentified glycolipids whereas P. suwonensis DSM 18130 T contained only one unidentified glycolipid; strain 22
T contained two unidentified aminophospholipids whereas P/ suwonensis DSM 18130 T did not contain any; and strain 22 T contained three minor unidentified aminolipids whereas P. suwonensis DSM 18130 T contained only one minor unidentified aminolipid (Fig. S1 ).
Respiratory quinones were separated by the method of Collins [41] and were analysed by HPLC [42] ; this step was carried out on an Agilent LC-5510 HPLC fitted with a reverse-phase column (C 18 250Â4.6 mm, 5 µm id, Oxidation of (Biolog GENIII):
Acid production from (API 50CH): Diamonsil) using acetonitrile/isopropyl alcohol 5 : 3 (v/v) as the eluant; the flow rate was 1.25 ml min
À1
, and menaquinone was detected at 270 nm. The respiratory quinones consisted of MK-7 (99.0 %) and MK-8 (1.0V%).
Polyamines were extracted as described by Takeuchi et al. [43] and Busse et al. [44] with some modifications. Strain 22 T , P. suwonensis DSM 18130 T and one additional reference strain, Sphingomonas sanxanigenens DSM 19645 T [45] , were incubated for 2 days on LB agar at 28 C. About 0.5 g wet cells was harvested from the agar plates at the same growth stage. Cells were homogenized in 0.5 M perchloric acid (HClO 4 ) and centrifuged. An aliquot of 0.4 ml of the supernatant was transferred to a tube containing 0.3 ml of a saturated Na 2 CO 3 solution (500 mg ml À1 ) and 0.4 ml of a dansyl chloride solution (5 mg ml À1 in acetone) was added. The tube was closed tightly, and dansylation was performed for 25 min at 60 C. Subsequently, 0.1 ml of a proline solution (100 mg ml
) was added to bind the excess dansyl chloride during incubation for 10 min at 60 C. After cooling down to 5 C, the polyamines were extracted with 0.5 ml toluene with shaking. Polyamines in the upper organic phase were collected. The polyamines exracted were separated by silica-gel TLC. Chloroform/triethylamine (100 : 20, v/v) was used as the solvent system. Individual polyamines were detected under UV light. The polyamines of strain 22
T were identified by comparing the TLC R f values with those of S. sanxanigenens DSM 19645 T under our laboratory conditions. The polyamine patterns of strain 22
T and P. suwonensis DSM 18130 T were the same as those of strain DSM 19645 T of S. sanxanigenens (Fig. S2) , which was reported to contain a predominance of symhomospermidine and trace amounts of spermidine [45] .
Preparation of genomic DNA was carried out according to the method of Marmur [46] . The G+C content of the DNA was determined by using the thermal denaturation method [47] with Escherichia coli K-12 as a control. The DNA G+C content of strain 22 T was 41.2±0.5 mol%. DNA-DNA relatedness was determined by the initial renaturation rate method in 2Â SSC [48] . Genomic DNA relatedness values between strain 22
T and its closest phylogenetic relatives, P. suwonensis DSM 18130 T , P. alluvionis DSM 19624 T and P. terrae DSM 17933 T , were 21.3±2.0 %, 38.1±1.8 % and 17.1±1.4 %, respectively, which are below the recommended value of 70 % for species definition [49] .
Strain 22
T could be easily distinguished from the related species with high levels of 16S rRNA gene sequence similarity in the genus Pedobacter by the differences in the fatty acid contents and distinct phenotypic characteristics. The results of the phylogenetic, morphological and chemotaxonomic analyses together with low DNA-DNA hybridization values support the proposal that strain 22
T should be assigned to the genus Pedobacter as a representative of a novel species, for which the name Pedobacter zeae sp. nov., is proposed.
DESCRIPTION OF PEDOBACTER ZEAE SP. NOV.
Pedobacter zeae [ze¢ae. N.L. gen. n. zeae of Zea (maize), the plant from which the first isolate was obtained].
Cells are Gram-staining-negative, aerobic, non-motile by gliding and rods of approximately 0.2-0.3 µm in width and 0.6-1.8 µm in length, after 3 days of incubation at 28 C on LB agar (Fig. S3) . Colonies are circular with entire margins, smooth, convex, pinkish-yellow and 0.5-1.0 mm in diameter on LB agar plates after 3 days of incubation at 28 C. The temperature range for growth is [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C; optimum growth at 30 C. The pH range for growth is pH 6.0-7.0; optimum growth at pH 7.0. Growth occurs at a NaCl concentration range of 0-1.0 % (w/v); optimum growth at NaCl concentration of 1.0 %. Growth occurs on nutrient agar, R2A agar, tryptic soy agar and Ashby nitrogen-free medium at 28 C. Positive for oxidase and catalase. In the API 20NE system, positive for hydrolysis of aesculin and gelatin, b-galactosidase activity, fermentation of glucose, assimilation of D-glucose, Larabinose, D-mannose, N-acetylglucosamine, maltose and trisodium citrate; but negative for nitrate reduction, indole production, enzyme activity of arginine dihydrolase and urease, and assimilation of D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid and phenylacetic acid. In the API ZYM system, positive for alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphophydrolase, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, a-fucosidase and N-acetyl-b-glucosaminidase activities; but negative for C14 lipase and a-chymotrypsin activities. In the API 50 CH system, acids are produced from L-arabinose, 
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